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(54) SOUD IMAGE PICK-UP DEVICE AND ITS FORMING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent non-read-out of electric 
charges of a photodiode by a method wherein a first region is provided 
on a substrate, second and fourth regions and a photoelectric 
conversion part of a third region are provided in the first region, an 
electric charge transfer part is provided on the first region, and the 
photoelectric conversion part is connected to the electric charge 
transfer part via a fifth region. 

SOLUTION: A P-type well 102 as a first region is formed on an n-type 
substrate 101, and an n layer 104 of a photodiode as a second region is 
formed in the P-type well 102. A p layer 105 of a photoelectric 
conversion part as a third region is formed between the n layer 104 and 
a main surface. Further, a diffusion floating region FD107 as a fourth 
layer is formed in the p well layer. An insulation film is formed on the P- 
type well layer, and a gate region 103 which becomes an electric charge 
transfer part is formed on the insulation film. A bypass region 106 as a 
fifth region is formed between a side face of the n layer 1 04 and the 
gate region 103. 
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OH20ff$4. $S82offJ$4£Sffi4o|igj::fc3& 

«4. &XJM±0t)iWW&bfrbt£bM1ttBffllk, 

-T 5 9 5 ©ffil§£&:fr t T#$t $ ftT V > 5 C 4 W. 4 -f 
[it*JS2] MEIS5 0{H^, ffiESfflEiSglSait! 

[§»*is 3 ] sfrEj& 5 ro^*se»± s 'pft < 4 1> v iftiEm 

do 

[ll*«4] tflEg5©ffi!£fi. '>4< fct, llUE^ 
#tei3l«B<oSiJ»«ffiS:^^ ?*tfc UT, WEB 2 

t»» A1- 5 is & £ ft 5 c 4 4 -f 5 if* 

ffifc&tWfflfflWM 4 . ffifEm^teiHSl5W$iJ'flm@w{S!l 

M Sr 5 <Sr ^- Aft T-» A-f 5 IS ^ 
»fft 3 ft 6 £ 4 SrttB 4 i~5 »*S 1 Efc©Bfl«3£ 

[§t#«6] &f(Eg2©ff«4ltflES?5©ffi£«:, '> 
4<4t>» lfflE©fei£&©»mS£^;^*tU:L 

■c, WE^2i»masr#-t-5T)i3eteSriB)-o^^-vaA 

T.mX'&l& $ tl 5 £ 4 £ #m 4 -f 5 fl|#« 1 E&© Bft 
BBSS. 

7 1 meh 2 <Dm®tm&m 5 ©b#h\ ^ 

Alg-CJ&fcSftS w 4 Sr#m41-^if l Ei&©B 

l*«i[0ffl<0B«4s B£lO£ttl*!l::£2BBlf 
<0lg2©ffJ£4> K^2©®«4±SEffi4<^KlCfc5® 

1 2 BBS 4 ©ff 

$4> 

■K3t«Se*l»l-*8tS*tfcfll*«Wrt»»4 off*:: 



IK 4 . BBBRiiO M ffltfi 4 #> g> & S «DNE%» 4 . 
&'>4< 4 fc#1-SH*IIIIHtlIKJ8V^-C. 
iWESS 2 0ft£j»!||ftGBffit^tt0lMBmfi&-7-* 9 Vi 
05 (CUT, WE*2*Bll*#1-5**6»«r-f:i-l'&A-*- 
5 IS** 5> 4 3 r 4 4 "t-5 B&fl«£§£tt„ 

9 ] BBBfflE&ttOft 1 Off i&lt&ftjfig 

10 ?3n$98£EttoB#tttt£B. 

IB** 1 0 J -i^SS:^tf^^£«±tfc3|g 
l*BS©3ll©ffl&4, &£l0ft£4tt£l<Ofl£ 

rtfc»2BBS!0>»2©ff«4. &£2obj$4£&b 

4 wwiw&s^ i 3 ©ff$ 4.a»fc4 •sjtm^ 

15 &gB4x 

fftESI 1 coff«rt(;fooT^2!ima5:*i-5m4 Off 
®k. 

WE*«^»gi5 icffa $ ttfcff 4 off « 

(Eil6i-5 fc*ro«m 1 Wff«4 . 0t« 1 Off«±05|fi» 

11W&NX»& 4 WEm^eiElgB 4 (DF^twME^ 2 
a«r*i-5»5©««S:»j«-t-5ifcSr4«»4-*-SB* 

i*sa<7)^i(off«4. BEffriofftt4. &%i<om 

®ft\m2mmM<n%2<om.®k, ft«lE^20fftS4± 
^S4^lC$)5mi*mSwm3<Off«475^45* 

tt^^as 4 » 

30 WE»l©««rtC*>o-C»2ai«S!Sr#i-5*4 0ff 
*4v 

WE3t«^^Sii iw^ffl S Jxfc«*««f SrtflEm 4 coff (£ 
•r(E5Si-5fcft©tt» 1 ©ff«4, 1 wff«±^J6 
ttK 4s Wft«ra±o«U»«4*»b45««MEiS»t 

SffE® 2 cJ?ff«^^E«^jilf|5(0$iJ«SSr-^^ 
lw Lt, <»IEJIl2l»«a**1-'55FI«»*-f*VttAi- 

5 isa^ ffidt $ n 3 c 4 «r#m 4 f 5 mwtiMm&<r> 

40 [1S*II12] WE'f^ttAI-SXett, 
ill 1 (wE«wilfriiftgBro^^ffi 0 

l »lflgi«>m 1 off$4 , ttS 1 <om®k , Wicg 
45 $rttwJg2gmS<7D£2<Dffi!j£4, flE^ 2 Off ifE 4 ± 
4 Offltr & 5 £ l ?gl;S)<7?g 3 off ft 4 *> 5> 4 S 3t 
S^^SI! 4 > 

WE» 1 Off^rt fco 2 ^SS5r#-f-3 IK 4 Off 
«4, 

50 ttB*«e*«K»»*ilifcflr*tWflrlWE»4fll)«« 
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maK.2 (ommttti^n 5 < t twiss 

fc£#U 

wie^ 5 o^i±, m&m%wm<»vmn&t . udE 

^WrLT, WE*l*«S**'i-5^*e^*'f^tt 
£ t K <t otftiFE^ 3 ©«|#t:B&*i-5 ^ t fc J: 

otitis r t ^mt-r^s^s^groff^* 

ft. ' 
[000 1 J 

{000 2] 

^^--KJ3J;Vccd*>7 h uv^a^ftsccD 

f>#5APS (Active Pixel Sensor) ^<75CMOSir 
[0003] APSfi, lH*©K*h^d--K. M 

x/(20 F +Vs)*2 e si* 



1 iSfi*J0>J(fr¥-8foJS#v*r t ii5&B8n^<7Vh$i^ 

^EUT-fc t» . ffi#W*Sl5#fcCCD;45£*f>-0>5. 
[00 04] jfi¥»±, MOS h7V^^co|SSMlij38Pf 

05 <oft±.t r-fe^f-tflr-s-tosiggsoif-s/^tj ^> rig 

[00 0 5] Hi 1 iC^OAPSOS^gU4oJ:^-?:n 
10 Eric R. Fossum ft M £ o T 1 9 9 5^1 EEE^ffork 

[00 06] CCD^fflV^tlt^5 

15 ?-{*-~Y^ ^ffitcjgv^p^SrK:^t5rtT^ s io 

[0007] p p Dx*wm Ltcxm^mMQ 

20 , if SMOS h9^^#^fe/j:Stej3ffiBTXS:^U 
i^iStetfe®^ (Floating Diffusion Area) fc8fc*ttl 

[00 0 8] ^^^Ktl^giCroia^ «# 
■5fQ i i,/C PD ^«BESt8lL^ V—*7*nym& i £ 
25 i§LTfS*&8t*W1-. 
[0009] 

[0010] @3it ii^-oMos h 7^^^ teai 

MOS h 7 y Of t*/^#f>">t /^S L 
35 tcmVhZo Bit ±*Ui, 0±feW^b3fei»^Alt* 

ix, *«icaw4s i 02, si N&tDmwmmmk, 

*;h^^-Koffi^plt, n«t^l«»cail**iT 
40 [0011] IP*>, 03O^x^*>Y^EH-^ii9, 

[0012] MWMO S h 7 V v 5 ^ ^ or^ffi®E V th 
45 [0013] 

1] 



Vth= 



qN 



sub 



+ 20 F +Vs +Vfb 



ox 



50 £fi/<^7^ 
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c Si lt, S i <r>ffiW$ 



Vth= 



n/C2 0 P +Vs)'*2«- w *QN II(b 
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A=l + 



Xj 



(2 0 r +Vs)*2e Si 



sub 



[0 0 14] 
05 [«2] 

- *A+ (2<6 P +Vs ) *A 2 +V ro 



20 



25 



[0 0 1 51 Mftjlrtt. lMURV*tl5nm* pS* 
:nA*£&8X 1 0 16 c nr^^T, ilSS^MO S h 

7Vv?^^OHffi«JE^o. 7vol tt*5«l:» 

u ti^ii^nfcy— ^oMfiiS;EE{t, 5. ovoit 

[ooi6] ^M^fctt^oBaiH^sriiwt-rsfcft. 
<d*e«»w»i * p sac ffijf rf> e> * a * h *v a— v<om 

[00 17] L^Lft^b. '<^'<*tH#fc^5«& 
It, gE^CCD->7 M^^^Srfflv^fcaHftT*/^^^ 

njfisnr^o, 012 (b) K^-r <t ? i-> 

1 9 8 9WHf^3 y*#ft««SVo I . 13. 
No. 1 lfc±9*ft§ftTV*a o /<>f/<^J|«tt, 

* * te J: 5 Sffi^iti > p m £ X7 UTfftg! UT v ^ w t 

i§v ^ P 1 r. t TfRfl Sivcv . 

[0018] /<^««.ltft©«4*itS:»fc* ftrt 



0 ±»as*3t-fS. ■*ott/JMkl^v^«»ac*±# 
15 4 5o 

[00 191 CCD^7hu^^5:fflv« 
■IgIMOS F7y^?^K^yiKi:Sfc5iI 

CCDv^7 h t^*"Cfc5 nf WO* 

IgiMOS h7y^^<oy- h®i££ Ki^-f 
(11CCDV7 hl^^^Of ^/^) <D|UE£ 

-f/U (Built in Potecial) 

C C C D '>7 F i/'^* Srffl^fcftftf^ 

[00 2 0] 

IWl:f2ilS^2(Df«c^, K*2«)««i:* 

«a t opa ^ fe 5 ^ i ^m^com 3 <a®« i ?> * S # 

W£WkUk. ■tt*l^fi«rtlc:fcoT»28!t«aS:* 

[0021] Sfc, 4%93£J:£Bttm&Stt> 
50 »20lH«t±*Bfc0BJr*,5»iW«S(D»30« 
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9 $ iifcffwwr 4 owKEtcaw 5 fc * out* 
^ncaigiroifiiit, iti&ttiiube 

HfcltftSSBfcis^-t. MreiB2«)tRJK^iria«iHfts% 

[00 2 2] $ 6K, ■-±Sffi$r£tf¥g 

frfflS±lc*>5 » 1 3ISM©3? l . tt* 1 ©« 

ffii©Wfcfc5#l*«S©£3©«#«td»feft5)fc« 

ftfc{t«^«ri«iS4oii«tiisasi-5*:ft«jKJ(r i <o 
monk. &%i <nm®±<o&m&k. tmsmh<»M® 

RIKft 2 *«aSr*i-5 * 5 ©|R«Sr»*1-5 £ k &® 
WiktZo 

[002 3] **Wtt. -i*BS*«fi|M»frS 

ffi±ic*5»ii»«a©*i©««fc. ®mi<Dmt&k 

t**l©««rtfc*2*«S©*2©S«i, tt*2© 
B«i£*Ei:©IHl;:*38l**S©3fl3©S#£75» 
&45*«aE»»4:. IWBIin©«*rtl::*>o-C«2i* 
«fi«r#^«»4©««fc, ffiB%B££BK:VB3*t 

*i. 881 l oWJLkefBURfc v BBBftiiOfWB* 
ffitrfc^t, ffiB£«££»fciMreBfftB&B£0n£ 

men 2 »m£> * * s ©B*«:»j«-t-5 z. t 

[00 24] $ e>fc4fc. #3§iJIH:» -£*E£^tr^ 

w*&£i:ic**fti*BBQfti <»mm t, »i» 
ffl^ci. »»i«)««rt«c»2*«a<o*2«)««t» 

MB* 2 ©ffitt t £i?E k com \z h « % 1 gUM ©IS 3 

©B*fc*»5>*$*BB*»&» tte*i-©B*rtfc*> 

o-C»2*«aSr*i-5«4©fH«i:» ifflBttm&Btt 
fc»«3ftfcB*«B*MEB 4 ©BBfcBBt" 5 fcft 

m±commm t *» sbwebb**?-* b#bb 

[0 0 2 5 ] £fc£ -^BffiSrfrtr* 
B«£. tt»lo*«rtK»2*«Bo«2W««i:, 

Mian 2 <dbb t ±*ffi t ©w ic $> 5 « i mn%i<o% 3 



tf & $ iifcfll & BBg 4 OB £C teiH-f 5 » 
©8£3Sl©M$i:> &£l©B**±©*ftBBi:> KJfi^t 

05 je»»tlWTO«^ai«ttlttia*2i»«fflSr#1-5»5 
©B««r#LT«tt$ftTV*5B(^B&fi©^*:frft 
K*»^T. IWEB2 0««ilWIB»5 0fll«t±» '>ft< 

J|S2WBSSr#i - 5^ft*SrtI*lHl'f*vttAi-5ia 
10 t>><bBf&.£tiZ Z k&ft&.k-fZ> 0 Sfctt, -£BE 
Sr£tM£Bft*«±fc*>5B 1 *«S!©n 1 ©H&£ , 
BBi©B«i:, R*i©«tfrttt:»2#«g!0>»2© 
B«t. MR*2<DB«i£BBfc<0Hfc*>5Bl»B 

15 Brtfc*oT»2*Bl!«:*1-5»40>B**» WE3fe 
BB*BfcBW3ftfcB*BB«rlireB4 oBttKBB 

fc . &J6Bl9&±©fMW«ffi t ^ 5> ft 5 m^flc^gB k 
■w»jj!ttF«6»J:*JV*-C. fiflEn5ro^%i. WEH#e 

[0 0 2 6] rog*. *«Wt*5V^TI4, KWVH 

30 ©§i*a#sr»»tsa*««*>5. 

[002 7] fifoT. WJfcKiiS'<fc''<^ 
[0 0 2 8] 

35 [HW<OHlSro^fi8] Bll±. *jMB©Wt**tA< 

fi, nISKlOlll:. P I?i;H0 2WU 
•toitr* h^-Y^-— KOnll 0 4Sr^J*L, ^oJt 
l:*h^t-K©pil 0 5Sr*ffi$rjg< LtM 
40 fsiSMOS Yyls'J^fDV-Yffl&l 0 .3 Srlfe^ 
ISr^-LT* h *V KfflJffitJ^J* tralMOS h 

B«i o e^jtt^n-cv^. 

45 [0 0 2 9] *fc, fciUMOS h7y^^^-hffi 
« 1 0 3 <75«JE5Ta5irtt^if ^®igcF D 1 0 7 
tfCJ8*)» ^&»if®B^FD 1 0 7l±tb^0!§OtS*i 
fflMOS. h7^v?^^<7>y- HwtSSgUSil, iitifflMO 
S K9>"^^oy— ^ttt, fr^R^-^ yffflMOS 

50 h7>"^^ 1 1 l<7?KWV^^$tl, fTaft*-f 
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OS h^vs^^fiffitfcamffiji [ l l 2#SM*$ 
[0 0 3 0] BEtttRffiBIHKFDi o 7i:it K 

tt»#ieW£FD 1 0 7 0>y-fey hJH*>y-fcy hMOS 

5/ h«it 1.0.9 3js»K*Jt-Cl^5. 
[00 3 1 ] K^fflbSi^^lftWL^^^^ 

fegMOS h7^^#«4OFF*IBte*>5 0 

*4>SU8P*B (^-hffl*)' 1 0 3fcE*>*EE«:flttD 
U fc&MOS h5^^S:ON«IK:U 

SMOS h7^^#S:ONttllfc1-SjW[fc, ft 
14, fiS2im#Q sie £ttftffre*C n *Jlltt*J: % IE. 

[0 0 3 2] coiftAPSl^^tft 
l07O!/ts/ KiE^^taAfff-V r! Sr-a«^U y 

ri.ttoaft' (v, fBl -v fl ) sr^srt-c, fcmm 

[00 3 3] l¥L<RWi-5fc, «*S:BE*fflU«<oy 
*yHE*6, Q rtl /C B ^«E»tiSTLfcffi» 

VFD^&U fe&MOS h?y^ 

C#LVFD ilBl OJS!/Mr^*RttP*n5o ro^n 
[0 0 3 4] ::<0*frS\ it»»»««lr«#«WSrR* 



Clitfff, V^-Vh-Q^/CbXA (AIM 

[00 3 5] £WHA«f*:W*ttfcfc5U*ia»©y 
05 ^XAV^IlSll, *J»tt43:yr*^i:LT» 

[0 0 3 6] U±Offitem^ltiL$:m$t'tZ>tzMz\X 

15 5*5, ^^^±^tt*U1-*^f±R»*5i:45 D * 
Spirit, jfefc«-<fc, RfrffiURoy^XAV^ A 

[0037] «±co«ft«ifls«:JiS 

i-5fc»»itt, teSMOS h7y^?m40N* 

^W»w/W/<^««i p 6SrRttfco 

25 K^nltltoSMOS h 7 > 9 J* *<D3 Lj T*/l'k <DfA\Z 

. SBfc^**^a«4>iifr&-efc, /<>r^««a««B© 

[0038] :^/V/^II«MOS 
h7>^^^- hTUffft-t-fii k t»*fe±«f 5 

[0 0 3 9] tttmvVtf&tti* m&MOS 

. [0040] aim9aMM^?MMSftv±, » < R36 

[00 4 1] ^jWDB^n 7 T-f/Wt^ 

50 5 U^v?Sr«{ft-e#5o 
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[004 2] ■S&Wti Lm(DW£ZmiE\z-tZ) Z tX\ 

[0043] APs»>m iwnte£-4fta Vy 

r5fctf>tef*, ffij£{k* h ^ KOVttH (Hit 

[0 0 4 4] Sfete* zfr h^-T*— K^ni^i^ 
JME#±#U -t5i-5tiDX/<?y^»Httii*. <fc 

<, #f^9£{b0*#ft£Bte*^. *3BWte*5l*-C 

[0 0 4 5] *fc % **Wt*5V^Ttt, *PX#85SrgrF 

[0 04 6] iSjfcfttlf-CfcacCD^W^fHtttt, 

* oftO»*KSr^^ ^ Wt Ltz%ffi<D&\, > p Jf <7>f 
4 ^zf7\c£.*)B!&£ivZ>tztb, /<<>{ /<*ffl$,<nfcttM 

CCDtt-tO»f^«EdSJS< > ^h^t-K(7)nI^) 

^f^KOnBOfl^BStt. 0. 5umWl« 
V\ ^(Dfcbb, ffl$mM<Om$tffc* 0. 5/iinf*5 

[0047] ^ixt»b*jSMtt % Mtn xttfla-c 

*«-e»o*4Kr*-r^, *Ktttett. '<>f 

fry* yyy&m^XBjfcrzz tic j: 9, -tartnxflf 



a Sr F&l -fc $ -£5 o -efe 5 0 
[0 0 4 8] W$te^Lfct>Ott> Lfc#£ 

05 OS h^^^x^o^^ytpg^^ti^tcoT-fi^v^ 

[004 9] 

K9H-5.- #2ltfcW<D* h^*-Ki*©Bintt«T 

10 [0 0 5 0] nS£«9 0 1te»U Y*W^?t 

10 I6 cm" 3 OpI?xyU9 0 25:MU ^h^^ 
f9 0 8*J&S;LT* * h^tf— K<Ong 9 0 4 
J*Lfc<H4 (a) > 0 

is [ o o 5 i ] $ fete, jRSSfbffite i 5»K*ffi^«tey 

- MWtBO 1 0^:30 nrnKI, S^MOS 
^^^)ffl»t*9 0 3 S:«*Lfc<04 (b) > 0 
[0 0 5 2] ofte, SIKSE^* h^>f ah- -KifcfM 
»««<o-a<0te<D««te* M/^h9 0 9 Sr^fig 
20 U ^3?H^*T9 5 0t/2 O^OjlMaaSrlftUfc . 

@L IMMME9 0 3S:-e**te*Etf>Bv*pJB9 0 5 5: 

ffl?i«tfc<ia4 (c) > 0 

[0 0 5 3] i8«<0*alH(«i6XSte«V\ IttS^bft 
5St»»»IR*9 0 7Sr»«Lfc<H4 (d) > a 
25 [0 0 5 4] :^lSt?, ii^OMOS V? % s 9 J*9<o 
y-* ■ Kt*>f>^««:»ritLfc. 

[0055] a^^WHssxateftvv 9 

fc. 

[0 0 5 6] #J1 0 0 nm^/^t«9 

<DMOS hyyi?x#<DmWMEEb, y— ^*s**a* 

tlfMB t/c<tr^>, 0. 7volt, 2. 2volt, 

0. 7 vo I tfiot r^S> 'M'<*«RteJ: 
40 TV>5^tSr»Bbfc 0 IWE«Tt5: fcte* 

1. 5 v o 1 t ^ofc:t^5 0 

[0 0 5 7] [XlkB2] B5«rAv-C|tll[B2trRB 

45 w-e»«sn5 Q 

[0 0 5 8] nSlfi6 0 1l:*tU >f*W^9fc 
1 0 16 c m- 3 ^ pM^xiyU602 SrJgfiR tfc 0 Jft^tJfe 
50 S:4 0 0nmMU tsiMOS hyV^^^^iJfflJII 
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ffi6 0 3SrJKfi8Lfc<H5 (a) > 0 
[0 0 5 9] *<D'& S KblsiSx h6Q8kfflW9M6 
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